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SIMULTANEOUS SINGLE MODE AND 
MULT-MODE PROPAGATION OF SIGNALS 

IN A DOUBLE CLAD OPTICAL FIBER 

FIELD OF THE INVENTION 

This invention relates generally to the field of optical 
amplifiers and more particularly to a double clad amplifying 
optical fibre. 

BACKGROUND OF THE INVENTION 

An optical amplifier is a device that increases the ampli 
tude of an input optical Signal that is launched into the 
optical amplifying fibre together with pump light. When the 
optical Signal at the input to the amplifier is monochromatic, 
the output Signal is also monochromatic with the same 
frequency. 

Conventional optical fibre amplifiers comprise a gain 
medium Such as a single mode-glass optical fibre having a 
core doped with an active material or dopant excited by 
pumping the optical fibre with optical energy at predeter 
mined wavelengths within an absorption band of the optical 
fibre dopant. Typically, the dopant is a rare earth Such as 
erbium (Er) and or ytterbium (Yb). 

In prior art double clad optical fibre amplifying Systems, 
the Single mode optical fibre has an inner cladding adjacent 
to the core, and an outer cladding adjacent to the inner 
cladding. Pump light is launched into the inner cladding of 
the optical fibre while the signal to be amplified is launched 
into the core. 

AS is well known in the art, the pump energy produces a 
population inversion in the dopant, and the input signal is 
amplified by Stimulated emission to produce an amplified 
output Signal, which is emitted from the other opposite end 
of the optical fibre. Such optical fibre amplifiers can be 
unidirectionally pumped with pump Sources at one end or 
bi-directionally pumped with pump Sources provided at 
opposite ends of the optical fibre, one co-propagating with 
the Signal and the other counter-propagating with the Signal. 
The employment of bi-directional pumpS provides for higher 
power output and more power conversion efficiency in the 
optical fibre. Since U.S. Pat. No. 5,140,456 to Huber, it is 
well known that a co-propagating pumping configuration 
provides for lowest noise figure performance for erbium 
doped fibre amplifier (EDFA), and counter-propagating 
pumping provides for highest power conversion efficiency. 

The optical fibre of the co-propagating fibre amplifier is 
preferably doped with erbium (Er"). This provides an 
amplifier which functions well for boosting the energy of a 
Signal having a wavelength of approximately 1550 nm using 
pumping energy in the wavelength range of 980 nm and/or 
1480 nm. 

Also known in the art, are optical isolators that are used 
throughout the amplifier to ensure unidirectional propaga 
tion of the optical Signal at certain points in the Signal path. 
For example, the optical input Signal is passed through an 
optical isolator at the amplifier input and, again at the 
amplifier output to minimize amplified Spontaneous emis 
Sion (ASE) and noise coming from optical component 
reflections or from an optical device to which the amplifier 
output is coupled. 

Also, of concern is the noise figure of the amplifier, which 
is generally defined as the ratio of the input signal to noise 
ratio to the amplifier output Signal to noise ratio. In order to 
decrease the noise figure of an amplifier, the amplifier is 
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2 
typically pumped with pump energy that propagates in the 
Same direction as the input Signal propagation direction. 

It is generally known that Er/Yb co-doped double clad 
fibre amplifier gives high power output. However, due to the 
presence of a double cladding and Yb dopant, the population 
inversion is lower than in the case of Single mode laser 
pumped Er doped Single mode optical fibre especially in the 
case of counter-propagating pumping. For this reason, noise 
figure is high and usually, a Single mode pre-amplifying 
Stage is provided to improve noise figure. 

Amplifier pump Sources are often in the form of laser 
diodes available as Single mode or multi-mode diodes. 
Single mode laser diodes are effectively point Sources, 
diffraction limited in their divergence in both axes. Multi 
mode diodes typically have laser junctions in the form of 
Short bundles, ranging between 10 to 200 microns long. 
Diffraction of multi-mode diodes is limited in the direction 
perpendicular to the junction, but they have non-diffraction 
limited divergence in the direction parallel to the laser 
junction. The emitting aperture of a multi-mode diode can be 
a single continuous Stripe, a collection of Short Stripes or 
even a collection of Single mode emitters electrically con 
nected in parallel. The Single mode pump laser referred to is 
a single Stripe diode laser that has a single mode fiber pigtail. 
The multimode laser is a multi-Stripe diode laser that has a 
multimode fiber pigtail. The core size of the multimode fiber 
is equal or close to the size of the first cladding of the double 
clad fiber mentioned above. 

It is an object of this invention to provide an optical 
pumping Scheme that will provide Significant amplification 
of an optical Signal with low noise figure at a relatively 
reasonable cost. 

SUMMARY OF THE INVENTION 

In accordance with the invention there is provided an 
optical amplifier for amplifying an input optical Signal 
comprising a wave-guide having a core doped with a rare 
earth and an adjacent first cladding; a first laser pump 
coupled to the core; and, a Second laser pump coupled to the 
first adjacent cladding. 

In accordance with the instant invention, the first pump is 
a single mode laser pump and the Second pump is a 
multi-mode laser pump; and the two pumps launch Simul 
taneous optical signals into the core and into the first 
adjacent cladding. 

In accordance with this invention, the Simultaneous cou 
pling of the Single mode laser pump and the multi-mode 
laser pump allows counter propagation of the two launched 
pump signals. 

In accordance with this invention, there is furnished a 
method of amplifying an optical Signal comprising the Steps 
of providing a double clad optical fibre having an inner 
cladding and having a core doped with a rare earth; and 
launching the optical Signal into the core of the optical fibre 
while Simultaneously launching a pump signal into the inner 
cladding and another pump signal into the core. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the invention will now be 
described in conjunction with the drawings in which: 

FIG. 1 is a block diagram Showing the Simultaneous 
counter-propagation of a single mode pump laser into the 
core of a single mode optical fibre and a multi-mode pump 
laser in the double clad area of a double clad optical fibre 
while a ASE rejection device is incorporated to improve the 
quality of the Signal according to an embodiment of the 
invention; and 
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FIG. 2 shows a block diagram showing Simultaneous 
counter-propagation of a single mode laser pumped Er 
doped Single mode fibre and a multi-mode pump light in the 
cladding area of the Er/Yb double clad fiber while the optical 
Signal is amplified; showing also a bypass path parallel to an 
isolator which bypasses the residual pump power from the 
Er Stage and let it go into the Single mode core of the double 
clad fiber. 

DETAILED DESCRIPTION 

Referring now to FIG. 1 an optical amplifying System is 
shown having a first Single-clad, Single-mode optical fibre at 
an input end 100 for launching a communications signal to 
be amplified and having a Second Single clad, Single mode 
optical fibre at an output end 110 from which the amplified 
communications signal propagates. A Suitable length of 
single mode, double clad Er/Yb fibre 150 is disposed cen 
trally within the amplifier and is optically coupled to the 
input 100 and output 110 single mode ends. Between the 
double clad fibre 150 and the input end 100 is a first optical 
isolator 120 followed by a WDM 130 which passes a 980 nm 
or 1480 nm pump signal coupled with the WDM 130 and 
which passes the communications signal received from the 
isolator 120. A 1060 nm rejection device in the form of a 
filter 125 is disposed between the WDM 130 and a single 
mode pump 140, which allows the 980 nm or 1480 nm pump 
signal to reach the core of the double clad fibre 150 and 
which prevents 1060 nm light from damaging the pump 140. 
Between the output end 110 and the double clad fibre 150 is 
a laser junction in the form of a multimode pump coupler 
160, which passes a multi-mode Signal from a multi-mode 
laser pump 170 and which passes the amplified communi 
cation signal through a second optical isolator 180. A control 
means in the form of a pump control 190 is coupled to the 
Single mode laser pump 140 and the multi-mode laser pump 
170 to provide simultaneous launching from the two pumps. 
The activation of the pump control 190 depends on detectors 
(not shown) installed on one end or the other or both ends 
of the amplifier. 

In operation, a Single mode communication Signal to be 
amplified is launched from the input end 100 into the core 
of the first Single mode, Single clad optical fibre optically 
coupled to the single mode, double clad optical fibre 150. As 
the communication signal propagates through the core of the 
double clad fibre 150, the 980 nm or 1480 nm single mode 
pump signal from the Single mode laser pump 140 is 
launched into the core of the double clad fibre 150 to 
co-propagate with the communication Signal. 
Simultaneously, the multi-mode pump signal from the multi 
mode laser pump 170, which is typically in the range of 920 
nim-980 nm, is launched into the inner cladding layer of the 
double clad optical fibre 150 to counter-propagate with the 
two previous Signals. The energy released from the excita 
tion of Er/Yb is transferred to the communication signal for 
amplification of Same. Unwanted amplified Spontaneous 
emission (ASE) is removed with 1060 nm rejection device 
or filter 125, which blocks back-traveling 1060 nm ASE in 
order to avoid instability and damage it could cause to the 
Single mode laser pump 140. 

Depending on the type of the WDM 130 and the 1060 nm 
rejection device 125, the rejection device 125 could also be 
in the place between WDM 130 and Er/Yb fiber 150 

Although this embodiment illustrates counter-propagation 
of the Single mode and multi mode pump signals, Simulta 
neous co-propagation in the same direction is also within the 
Scope of the instant invention. 
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4 
Referring now to FIG. 2, an optical amplifying System is 

shown having a single mode optical fibre at an input end 200 
for launching a communications Signal to be pre-amplified 
and amplified and having a single mode optical fibre at an 
output end 310 from which the amplified communications 
Signal propagates. A Suitable length of Single clad Er fibre 
250 and of double clad Er/Yb fibre 260 is disposed within 
the amplifier and is optically coupled to the input and output 
single mode fibres. Between the double clad fibre and the 
input end is an isolator 210 followed by a first WDM 220 
which passes a 980 nm or 1480 nm pump signal from a 
single mode pump 320 coupled with the WDM 220 and 
which passes the communications signal received from the 
isolator 210. The single clad Er fibre 250 is inserted between 
the output end of the first WDM 220 and the input end of a 
second WDM 230. A 1060 nm rejection device in the form 
of a filter 270 is installed in parallel with an optical isolator 
240; both are disposed between the WDM 230 and a third 
WDM 280. Depending on the type of the WDMs 230 and 
280 and the 1060 nm rejection device 270, the rejection 
device 270 could also be in the place between WDM 280 and 
Er/Yb fiber 260. The double clad Er/Yb fibre 260 is centrally 
disposed between the output end of the WDM 280 and a 
Short laser junction in the form of a multimode pump coupler 
290, which passes a multi-mode signal from a multi-mode 
laser pump 300. The amplified communication signal passes 
through an optical isolator 330 optically coupled to multi 
mode pump coupler 290 and the output end 310. A control 
means in the form of a pump control 340 is coupled to the 
Single mode laser pump 320 and the multi-mode laser pump 
300 to provide simultaneous launching from the two pumps. 
The activation of the pump control 340 depends on detectors 
(not shown) installed on one end or the other or both ends 
of the amplifier. 
AS shown in FIG. 2, the communication signal propagat 

ing through the Single mode fibre, is pre-amplified in the 
single clad Er fibre 250 and further amplified in the double 
clad Er/Yb fibre 260. Between the two steps of 
amplification, a path in parallel with the optical isolator 240 
has been inserted. The WDM 230 separates the residual 
pump signal from the communication Signal which is in 
1550 nm band in order not to overload the optical isolator. 
The 1060 nm rejection device 270 is used to reject back 
traveling ASE from the Er/Yb double clad fiber, but not to 
intercept the forward traveling residual Single mode pump 
signal. The WDM 280 is for re-combining the single mode 
pump signal to the pre-amplified Signal. Simultaneously, a 
980 nm multi-mode pump signal from the multi-mode laser 
pump 300 is launched into the inner cladding layer of the 
double clad optical fibre 260 to counter-propagate with the 
two previous Signals. The energy released from the excita 
tion of Er/Yb is transferred to the communication signal for 
amplification of same. Unwanted 1060 nm ASE is deviated 
by the WDM 280 from the optical isolator 240 in order not 
to damage the isolator. 

In conventional Single mode optical fibre, it is preferable 
not to pump bi-directionally into an Er fibre using laser 
diodes in the Same wavelength region because the lasers 
may interact with each other causing instability and even 
damage to the lasers. In accordance with the present inven 
tion using double clad fibre, the Single mode pump light 
travels in the Single core region and the multi-mode pump 
light is mainly in the clad region. The Simultaneous coupling 
of the pumps renders negligible the interaction between the 
lasers. 

Of course numerous other embodiments may be envis 
aged without departing from the Spirit and Scope of the 
invention. 
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What I claim is: 
1. An optical amplifier for amplifying an input optical 

Signal comprising, 
a wave-guide having a core doped with a rare earth and an 

adjacent first cladding; 
a first laser pump optically coupled to the core, and, 
a Second laser pump optically coupled to the adjacent first 

cladding; 
wherein the first pump laser is a Single mode laser for 
providing a single mode pump signal to the wave-guide core 
and wherein the Second pump laser is a multi-mode laser for 
providing a multi-mode pump signal to the adjacent first 
cladding. 

2. An optical amplifier as defined in claim 1 comprising 
control means for controlling the Single mode and multi 
mode laser pumps Simultaneously. 

3. An optical amplifier as defined in claim 2 wherein the 
control means provides Simultaneous engagement of the 
Single mode and the multi-mode laser pumps. 

4. An optical amplifier as defined in claim 1, wherein the 
wave-guide is a double clad optical fibre having a first end 
and a Second end. 

5. An optical amplifier as defined in claim 4 comprising 
a first Single clad optical fibre having a core optically 
coupled to the first end of the double clad optical fibre, and 
a Second Single clad optical fibre having a core optically 
coupled to the second end of the double clad optical fibre. 

6. An optical amplifier as defined in claim 5, wherein the 
cores of the double clad and Single clad optical fibres are 
optically coupled and Support Single mode light propagation 
at transmission wavelengths within an amplification band of 
wavelengths of the amplifier. 

7. An optical amplifier as defined in claim 6, wherein the 
cores of the double clad and Single clad optical fibres have 
a mode field diameter of less than 15 lum. 

8. An optical amplifier as defined in claim 6, wherein the 
double clad optical fibre includes a Second cladding adjacent 
to the first adjacent cladding, and wherein the core of the 
double clad optical fibre Supports Single mode light propa 
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gation therein and the first adjacent cladding Supports multi 
mode light propagating therein. 

9. An optical amplifier as defined in claim 1, including a 
rejection filter disposed between the double clad multi-mode 
fibre and the single mode laser pump, for filtering 1060 nm 
amplified Spontaneous emission for preventing back 
traveling of 1060 nm light to the Single mode laser pump. 

10. An optical amplifier as defined in claim 9, comprising 
wavelength division multiplexing means optically coupled 
to the Single mode laser pump for multiplexing the Single 
mode Signal from the laser pump into the core to combine 
with the input optical Signal. 

11. An optical amplifier as defined in claim 10, wherein a 
portion of the core of the first Single clad optical fibre is 
doped with a rare earth for pre-amplifying the input optical 
Signal traveling towards the core of the double clad optical 
fibre. 

12. An optical amplifier as defined in claim 11, compris 
ing an optical isolator centrally disposed between the first 
single clad optical fibre and the double clad optical fibre for 
isolating the pre-amplified input signal propagating in the 
direction from the single clad optical fibre to the double clad 
optical fibre and for preventing counter propagation of a 
Signal in the other direction. 

13. An optical amplifier as defined in claim 12 comprising 
a bypass path in parallel to the optical isolator for allowing 
the Single mode laser pump signal to bypass the optical 
isolator for preventing damage thereto, and for allowing 
light having a wavelength substantially about 1060 nm to 
travel in the counter direction. 

14. An optical amplifier as defined in claim 13 wherein the 
bypass path comprises a rejection filter for preventing back 
travelling 1060 nm light to the single mode laser pump. 

15. An optical amplifier as defined in claim 14 comprising 
two wavelength division multiplexers at ends of the optical 
isolator for filtering light having a wavelength of Substan 
tially about 1060 nm and 980 nm for protecting the optical 
isolator and the Single mode laser pump. 

k k k k k 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,487,006 B1 Page 1 of 1 
DATED : November 26, 2002 
INVENTOR(S) : Chen 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Title page, 
Item 75, the inventor's name “Vihong Chen” should read -- Yihong Chen -- 

Signed and Sealed this 

Fifteenth Day of April, 2003 

JAMES E ROGAN 

Director of the United States Patent and Trademark Office 


